Background: Dental treatment for patients with self-reported metal allergy or concern about the possibility of having such an allergy is often difficult; such patients often undergo dermatological consultations for metal patch test (PT).
Introduction
Metals are widely present in products used in daily life; some metals are important to the body, the deficiency of which can induce skin diseases. 1 Metals can also affect cells of the skin, depending on the particle size and shape, and cause skin inflammation and allergies. 2 The release of metal ions is thought to trigger allergic reactions, the allergens of which can include microparticles from corroded metal products and ionic metal hydroxides/oxides. 3 In daily life, we are exposed to various allergens, contact with which may induce allergic dermatitis in sensitized individuals. 4 If the causative allergen is not clear, it may lead to an intractable clinical course. 5 It is thus extremely important to identify the causative allergens using patch test (PT). 5 Many kinds of metals are used in dentistry, but nickel, chromium, mercury, palladium, and cobalt are common metal materials. 3 Dental treatment for patients with self-reported metal allergy is often difficult. Such patients are referred to dermatological clinics for PT of metals, to elucidate their sensitization status. In this paper, we describe PT results prior to dental treatments in 59 subjects complaining of self-reported metal allergy or concerned about any adverse events associated with upcoming dental treatments.
Methods

Background
All PT data are maintained at Fukuoka Dental College Hospital. PT with metal allergens was performed in 59 cases between October 2015 and March 2018. This study was approved by the ethical committee of Fukuoka Dental College (approval number: 398). Since this study involved only retrospectively review medical records, informed consent of each participants was not required.
Materials
Metal allergens and their material properties for PT are shown in Table 1 . All substances from aluminum chloride to mercuric chloride in the table were purchased from Torii Pharmaceutical Co., Ltd. (Tokyo, Japan), while titanium and titanium (IV) oxide were obtained from Chemotechnique Diagnosis (Vellinge, Sweden). Table 3 shows clinical variables for subjects with and without self-reported metal allergy. In the self-reported metal allergy cases, the rate of positivity in the metal patch test (20/34; 58.8%) was significantly higher than in the others (5/25; 20%) (P < 0.001). Comorbidities were not significantly associated with the cases with and without self-reported metal allergy ( Table 3 . Clinical variables of subjects with and without self-reported metal allergy.
Allergen
Concentration (%) Base
Results
Fifty-nine patients (mean age: 47 years, range 7-77 years; 11 males and 48 females) were patch-tested with metal allergens. Among them, there were 34 cases of self-reported metal allergy and 25 cases of concern about possible adverse events associated with upcoming dental treatment. With regard to comorbidities, atopic dermatitis was the most common (7 cases, 12%), followed by hand eczema (6 cases, 10%), palmoplantar pustulosis (6 cases, 10%), lichen planus (3 cases, 5%), and abnormal sensation in the mouth (3 cases, 5%). Overall, 25 of the 59 cases (42.4%) had at least one positive reaction ( Table 2) .
Rate of positive PT results for each allergen (N=59)
Rate of actual metal allergy patients but proven dental contact allergy by using such metal appear to be very rare.
10,11 A previous report revealed that the most common positive allergen was nickel sulfate, followed by cobalt chloride, 4 which was also the case in the present study. Titanium is highly biocompatible and has been frequently used for dental implants. 12, 13 However, titanium wire used for orthodontic treatments contains a nickel-titanium alloy, so it is not suitable for those with a nickel allergy. 12, 13 In cases with a zinc allergy, careful selection of the luting cement is required. All dental cements utilized for root canal fillings contain zinc, so they should be avoided in those with a zinc allergy. 14 PT is a useful test for delayed allergy, but caution is needed to consider whether PT-positive metal allergy is the real cause of symptom development. 15 Dental metal allergy can be definitively diagnosed when the symptoms improve after removing the suspected dental metals. 12 However, it should be kept in mind that symptoms may transiently deteriorate due to the ingestion of metal powder produced by scraping of metal when removing suspected dental metal allergen. 12 If the symptoms do not improve, it is unlikely that a dental metal allergy has occurred and other exacerbating factors need to be examined.
In this study, subjects with self-reported metal allergy did exhibit a higher rate of PT positivity than the other subjects. However, 20% of those without self-reported metal allergy also presented positivity for PT. PT should be more actively recommended to subjects having a possible history of metal allergy. The relevance of contact metal allergy and oral problems prior to dental restorative treatment is not yet known. In the future, PT studies comparing patients underwent dental restorative procedures with or without oral problems should be done to solve the problem.
The rates of positive PT results for each allergen are shown in Figure 1 . The most common positive allergen was nickel sulfate (17 cases, 29%), followed by cobalt chloride (10 cases, 17%), zinc chloride (7 cases, 12%), palladium chloride (6 cases, 10%), potassium dichromate (3 cases, 5%), and chloroauric acid (2 cases, 3%). Chloroplatinic acid, manganese chloride, indium (III) chloride, iridium (IV) chloride, copper sulfate, and mercuric (II) chloride were each positive in one case. 
Discussion
Dental treatment for patients complaining of self-reported metal allergy or concerned about possible adverse events is often difficult. According to previous reports from Japanese dentistry, 3, 6 the rates of positivity in metal PT were 50% 6 and 69.8%. 3 In the present study, the positive allergy rate was 42.4% overall (58.8% in self-reported metal allergy cases, 20% in cases without self-reported metal allergy). The rate of PT positivity was significantly higher in self-reported metal allergy cases than in the other cases. Five of 25 cases showed a positive PT reaction among the cases without self-reported metal allergy. Intriguingly, all of these positive cases were female and had a comorbidity of palmoplantar pustulosis (N = 3), hand eczema (N = 1), or lichen planus (N = 1).
Comorbidities included atopic dermatitis, hand eczema, palmoplantar pustulosis, lichen planus, and glossodynia 7 (abnormal sensation in the mouth). While previous reports described a relationship between these comorbidities and metal allergy, 8, 9 the present study did not reveal a significant correlation, probably due to the limited number of cases.
In dental treatment, many kinds of metals are used. 3 Metals like amalgam have been used to dental treatment in many
